Spontaneous activity in Purkinje cells: multi-electrode recording from organotypic cerebellar slice cultures.
Organotypic cerebellar cultures were maintained on multi-electrode dishes (MED) with an 8x8 array of electrodes and examined for physiological activity. The cultures remained viable for up to seven months and exhibited spontaneous discharges most likely originating from Purkinje cells. Spike frequencies varied but were mostly around 10-30 Hz and were often stable over weeks with average drifts of <20% per week. Spontaneous firing was significantly reduced by blockers of sodium channels (riluzole) and several potassium channels (iberiotoxin, TEA, 4-amino-pyridine), but blockers of calcium channels, GIRK channels, and SK-type potassium channels were ineffective. Inhibitors of excitatory and inhibitory synaptic transmission made spike discharges more regular. Particularly robust changes in spike frequency were produced by agents that increase cGMP. Bromo-cGMP, the NO donor SNAP, the guanylate cyclase activator YC-1, and the phosphodiesterase inhibitor zaprinast greatly reduced spike frequency. Activation of the metabotropic receptor mGluR1 and inhibition of I(h) channels caused a majority of cells to switch from tonic firing to a cyclic activity mode in which intense firing alternated with silence. Agonists for cholinergic, serotonergic, histamine, opiate, and CRF receptors had no effect, but those for adrenergic and adenosine A1 receptors reduced firing. Moreover, brief application of bromocriptine caused a delayed decrease in firing that reached a minimum after 24 to 48 h and recovered after 1-2 weeks. Taken together, our results demonstrate that long-term cultures maintained on multi-electrode arrays retain many essential features of cerebellar physiology and that they provide a test system that is well suited for broad screening of pharmacological agents as well as for studying long-term effects of drugs, tissue factors, and pathogens.